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BACKGROUND OF THE INVENTION 
1 . Field of the Invention 
The present invention relates to the field 
of angioplasty and in particular, to nev and improved 
catheters for performing balloon angioplasty proce- 
dures on blood vessels. 

2 . Description of the Prior Art 
Angioplasty has gained wide acceptance in 
recent years as an efficient and effective method for 
treating vascular diseases. Angioplasty is widely 
used in the treatment of stenosis within the coronary 
arteries, although it has been used for the treatment: 
of stenosis in other areas of the vascular system. 

The most widely used method of angioolastv 
makes use of a dilatation catherer which has an 
inflatable balloon member at a disral er.d and an inner 
lunen for acceptance of a guide wire (cc~cnly called 
an "over-the-wire catherer"). The guide wire is 
rv-pically about 175 cm in length, and is threaded 
through the vascular system by tracking radiopaque 
markers contained at a distal tip of the guide wire, 
which are monitored on an x-ray fluoroscope. Once the 
guide wire is positioned, the dilatation catheter is 
pushed along the guide wire until its balloon member 
is across the stenosis. The balloon member is 
subsequently inflated with liquid, exerting pressure 
radially and outwardly against the stenosis, causing 
the artery wall to stretch and re-establishing an 
acceptable blood flow through the artery. 

A.n area of stenosis is normally transparent 
to x-ray fluoroscope viewing, but can be seen by a 
periodic injection of dye into the artery. This 
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periodic injection allows a limited time fluoroscopic 
viewing of the restricted artery flow caused by the 
stenosis, allowing the guide wire to be positioned 
across the stenosis and into a distal artery, which 
provides support for the dilatation catheter. 
However, because dye injections cause surgical compli- 
cations, physicians disfavor injecting additional dye 
into the artery in order to properly position the 
balloon member. On the other hand, physicians want to 
complete the operation as quickly as possible in order 
to minimize radiation exposure to the patient and 
staff. Thus, physicians do not want ro spend a large 
amount of time trying to locate rhe stenosis. 
Therefore, there is a need for a method to properly 
mark a stenosis in order to rimely posi~ion rhe 
balloon member without injecting adciiional dye. 

In addition to properly posirioning a firs* 
balloon mem.ber across the stenosis, some surgical 
procedures require the use of more than one dilatatior. 
catheter. For example, the balloon member of rhe 
first catheter might have a profile than is too large 
to fit into the stenosis. Using an extendable or 
exchange (300 cm in length) guide wire, a physician 
can exchange the first balloon member with a 
dilatation catheter having a second balloon member 
with a smaller profile, while attempting to maintain 
the guide wire in its position across the stenosis. 

A dilatation catheter normally contains one 
or more markers to allow its balloon member to be 
located on a fluoroscope. To position the balloon 



member without the use of additional dye, a method 
must be used whereby the stenosis can be pinpointed 
while the stenosis is temporarily displayed. One 
method is to use a grease pen to mark the location of 
the stenosis on the screen of the fluoroscope. 
Another method is to take a picture of the fluoroscope 
screen while the stenosis can be seen and then use th . 
picture to later position the balloon member across 
the stenosis . 

As can be readily appreciated, these methods 
cf positioning a balloon member are generally time 
consuming and relatively inaccurate. Also, they 
require the patient to remain perfectly still in order 
to have the location marked on the screen correspond 
ro the actual location of the stenosis. Keeping -he 
pawient still is especially cifficul" vher. a seccnc 
dilatation catheter is needed ro perfcrrr. zhe orccedure 
because of uhe additional time required rc comple-e 
rhe catheter exchange on the guide wire. Therefore, 
there is a need for an accurate method cf positioning 
a balloon member of an over-the-w ire dilatation 
catheter across a stenosis in a timely fashion and 
without injecting additional dye to locate the 
stenosis , 

SUMMARY OF THE INVENTION 
Unlike previous balloon dilatation catheter 
systems which lack an accurate method and apparatus 
for marking the location of a stenosis to allow proper 
placement of a balloon member, the present invention 
offers the advantage of providing an apparatus and 



method that allows the stenosis to be pinpointed with 
respect to a radiopaque marker on a distal portion of 
a guide wire. Once the location of the stenosis has 
been established relative to a radiopaque marker 
carried by the guide wire, the balloon member is 
placed across the stenosis by aligning the balloon 
member with respect to the radiopaque marker on the 
guide wire. 

The present invention is an improved 
apparatus for use in combination with an over-the-wire 
balloon catheter having a radiopaque marker thereon at 
a known distance from a distal end of the catheter. 
An elongated flexible guide wire is prcvided, and the 
guide wire has a plurality of radiopaque markers cn a 
cisral portion thereof. Adjacent markers cn rhe cuiie 
wire are longitudinally spaced by a dis-=nca equal zz 
zhe known distance berween a dis-al end of ir-e 
carherer and its radiopaque marker. 

In a preferred embodiment, rhe cuide wire 
has a proximal solid wire portion and a distal coil 
spring portion. A distal radiopaque tip of 1.5 cm is 
provided on the guide wire, and the rest of the 
markers on the guide wire are spaced apart 1 . 5 cm and 
are each 1 mm in width. The length of the guide wire 
is preferably 175 cm. 

The inventive method of positioning a 
balloon catheter relative to an artery stenosis begins 
by advancing the guide wire through the artery and 
across the stenosis such that a radiopaque marker on 
the guide wire pinpoints the location of the stenosis. 



The balloon catheter is subsequently advanced to the 
pinpointed location by aligning a radiopaque marker of 
the balloon member with the radiopaque marker on the 
guide wire corresponding to the location of the 
stenosis. Because this location is pinpointed rela- 
tive to the radiopaque marker on the guide wire, 
additional dye is not needed to assure correct balloon 
member placement. The balloon member is subsequently 
inflated, causing the artery wall to stretch and re- 
establishing an acceptable blood flow through the 
artery. 

To effect an exchange of balloon catheters 
on the guide wire, the guide wire position is 
nainrained relative to the stenosis while the balloon 
catheter (uninflated) is withdrawn prcximally off of 
-he guide wire. A second balloon catheter bearinr a 
radiopaque marker is then advanced distaiiv over rhe 
g^jide wire until the marker on the catherer is aliened 
■'^'-^r: rhe marker of the guide wire which defines the 
location of the stenosis. This second balloon is rhen 
inflated to dilate the stenosis. 

BRIEF DESCRIPTION OF THE DP^z^.WINGS 
FIG- 1 is a perspective view of an over-the- 
wire dilatation catheter system in accordance with the 
present invention . 

FIG. 2 is an enlarged sectional view of a 
distal portion of a guide wire and an over-the-wire 
balloon dilatation catheter combination of the present 
invention. 

FIG. 3 is a sectional view as taken on line 
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3 — 3 of FIG. 2. 

FIG. 4 is a sectional view as taken on line 

4 — 4 of FIG. 2. 

DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 
5 Catheter 10, as shown in FIGS. 1-4, is an 

over-the-wire balloon dilatation catheter which 
includes a manifold 12, a shaft 14, a balloon member 
16 and a guide wire 18 • 

Manifold 12, defining a proximal portion of 
10 catheter 10, provides a means for introducing the 

□ guide wire 18 and inflation fluid for the balloon 

member 16 into the shaft 14, A thumb screw 20 is 
threadably mounted on a proximal end of manifold 12 
for use in fixing the position of guide vire IS 
m 15 relazive to the m.anifold 12, sh=f- 14 and ballccr. 

menber 16. 

The shaft 14 has an inner rube 2 2 (see 7IZ. 
2) , which is preferably formed from a plastic marerial 
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such as polyimide, and is attached zo rhe manifold 12 C 
20 ro extend distally therefrom and define a guide wire ^ 

lumen 24 for the guide wire 18. An inner surface of 
the inner tube 22 is coated with a lubricous material, 
such as polytetraf luoroethylene, to facilitate 
movement of the guide wire 18 therethrough. 
25 The manifold 12 has a dye injection port 26 

between the thumb screw 20 and the proximal end of the 
inner tube 22. The dye injection port 26 is in fluid C*) 
communication with the guide wire lumen 24, and is 
adapted for connection to an inflation device (not 
30 shown) to provide fluid (e.g., radiopaque dye) under 



pressure to the guide wire lumen 24, 

The shaft 14 also has an outer tube 28, 
attached to the manifold 12, which extends distally 
therefrom around the inner tube 22. An annular 
balloon inflation lumen 30 is thus defined between the 
outer tube 28 and the inner tube 22. The manifold 12 
has a balloon inflation port 32 which is in fluid 
communication with the inflation lumen 30 and is 
adapted for connection to an inflation device (not 
shown) to provide fluid under pressure to the balloon 
member 16 via the inflation lumen 30. 

The outer tube 2S is an elongated flexible 

elastic tube, preferably formed of polyimide. An 

cuter surface of -che outer tube 23 has a lubriccus 

ccaring, such as polyretraf lucroethy lene , vhirr. 

provides a slippery surface to aid in inseminc and 

rencving the ca^herer 10 inzo a guide carhe~er and 

i"o a patienr's vascular system, Ac a distal end 34, 

outer tube 23 has a section of reduced diamete^ ~c '^TT' 

CO 

vnicn a proximal or waist segment 3 6 of balloon member 
15 is attached, preferably by an adhesive seal such as 
epcxy. 

Balloon member 16, which is preferably 
formed from a polymer material such as polyolefin, has 
the proximal or waist segment 36, a distensible m 
balloon segment 38 and a small diameter distal segment 
40. Distal segment 40 of the balloon member 16 is 
bounded to a distal end 42 of the inner tube 22, also ^5 
preferably by an adhesive seal such as epoxy. A 
radiopaque balloon marker 43 is positioned about the 
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• inner tube 22 near a longitudinal center of th-3 
balloon member 16 at a distance D from a distal end of 
the catheter 10. 

Guide wire 18 has a proximal solid wire 
5 portion 44 which is preferably formed of a high 

strength steel or c-.-ier high strength alloy. The 
solid wire portion 44 has a tapered distal end 46 
which is received within and bonded to a proximal end 
47 of a coil spring member 48, preferably by a braze 
10 bond. Spring member 43 defines a distal portion of 

the guide wire 18, and is formed from a multiplicitv 
of alternating groups of radiopaque 50 and non- 
radiopaque 52 spring coils of a high strength sreel or 
other high strength alloy. 
15 Radiopaque markers 55 for *he guide wire 15 

are formed by sandwiching cne cr -ere radiopacue 
spring coils 50 between ncnradiopaque spring coils 52. 
A radiopaque tip 5c is fcrmed ar a disral end of 
spring member 48 by a plurality of radiooacue sorinc 
20 coils 50, Proximally from the tip 58, adjacent 

radiopaque markers 56 are longitudinally spaced by rhe 
same distance D as is between the distal end of the 
catheter 10 and its balloon marker 43. The width of 
the radiopaque markers 56 will depend upon the number 
of radiopaque spring coils 50 used to form each 
marker . 

In a preferred embodiment, the spring member 
48 is 25 cm in length. The distance D between the 
distal end of catheter 10 and the balloon marker 43 is 
^0 1.5 cm. Thus, the radiopaque markers 56 are also 
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separated by 1.5 cm (distance D) , with the radiopaque 
marker 56 closest to the radiopaque tip 58 being 1,5 
cm from ' its proximal end. The width of each 
radiopaque marker 56 is preferably 1 mm. The total 
5 length of the guide wire is 175 cm. 

The basic angioplasty procedure consists of 
inserting an introducer sheath, or short plastic tube, 
into a patient's thigh which provides an opening to 
the femoral artery. A guide catheter (not shown) is 
10 then advanced through the vascular system and into a 

position at the ostium of either the left or right 
coronary artery. The guide catheter is a hollow tube 
which serves as a channel from outside the oatient's 
body through which catheter 10 can be advanced to zhe 
15 ostium of a coronary artery. 

Frier ::o inserring "~he carhe~er 10 Lr.zz ~he 
ar~ery, the balloon member If is positioned en -he 
guide wire 15 adjacen* irs disual radiooacue zio 5£. t 
Once m position, me thumbscrew 2 0 is tigh-ened zo ^ 
20 fix the balloon member 16 position relative to rhe 

guide wire IS. The balloon member 16 and guide wire ^ 
13 assembly is then advanced to the ostium of the 
coronary artery. Using an inflation device which is 
connected to the dye injection port 26 or the guide 
25 catheter, a radiopaque dye is periodically injected 

into the artery to allow viewing of a stenosis on a C*) 
fluoroscope. The thumbscrew 20 is loosened to allow ^3 
the guide wire 18 to be advanced distally across the 
stenosis while it can be viewed on the fluoroscope. 
30 Of course, the guide wire 18 is also viewable on the 



fluoroscope. The balloon member 16 remains at the 
ostium of the coronary artery until the guide wire IS 
is advanced to a point beyond the stenosis to provide 
stability to the catheter 10. 

Once the guide wire 18 is properly advanced 
beyond the stenosis, a physician records the position 
of the stenosis relative to one of the radiopaque 
markers 56 on the guide wire 18. This recording 
provides a reference point for the stenosis and thus 
the periodic injection of dye (which had been 
necessary to locate the stenosis) can be ceased. The 
guide wire 18 i_ then held as still as possible across 
the stenosis while the balloon member 16 is advanced 
cisually over the guide wire IS. This is dene bv 
manually grasping a proximal end cf zhe guide wire IS 
cu-side cf the body. The ballocr. riember 15 is 
advanced un~il i-s radiopaque marker 4 3 is aliened 
wizh "he s~enosis reference marker 5 6 cf ~he cuide 
wire 15. Afrer the balloon mem.ber 16 is prcoerlv 
positioned with respect to the radiopaque marker 56, 
the thumbscrew 20 on the manifold 12 is tightened ro 
prevent movement of the balloon member 16 relative to 
the guide wire 18. 

The balloon member 16 is subsequenrlv 
inflated via the inflation lumen 30 so that the 
distensible balloon segment 38 (shown inflated) 
expands, exerting pressure radially and outwardly 
against the stenosis and causing the artery wall to 
stretch. Once the dilation procedure is completed, 
the balloon member 16 is deflated and removed, re- 



establishing an acceptable blood flow through the 
artery . 

The radiopaque markers 56 of the guide wire 
IS allow the proper placement of balloon 16 across the 
stenosis without the need for additional continuous or 
even periodic injections of dye. This is advantageous 
to the patient because surgical complications arise 
from the dye injections. Also, this method allows the 
operation to be performed quickly and efficiently, 
thereby minimizing radiation exposure to the patient 
and staff. 

The inventive method is also useful in 
angioplasty procedures which require the use cf more 
than one balloon dilatation cathener. For instance, 
balloon member 15 of catheter IC is someri-ss zzz 
large -c fir through the stenosis, cr converseiv, is 
so s~iaj.^ "cnat. upon mflar-ion of the balloon n-en-ber If. 
the srenosis is no* sufficiently dilared. In these 
situations, balloon member 16 must be exchanged fcr a 
balloon member of a different size. If the balloon 
member 16 was too large to fit through the stenosis, 
a balloon member with a smaller profile must be used. 
On the other hand, if upon inflation of the balloon 
member 16 the stenosis was not sufficiently dilated, 
a balloon member with a larger inflated profile must 
be inserted to allow a widening of the dilated 
coronary artery. 

In order to exchange balloon member 16 for 
a different balloon member, the guide wire 18 must be 
held outside the body (near the femoral artery) so 
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that its position does not move relative to the 
stenosis. As the guide wire 18 is held in position, 
the thumbscrew 20 is loosened, allowing the balloon 
member 16 to be moved proximally along the guide wire 
5 18 and out of the patient's body. The balloon member 

16 is continually withdrawn until it is rem.oved from 
the body and is completely removed from the proximal 
end of the guide wire 18. 

A second dilatation catheter containing a 
10 correctly sized balloon member is then placed on "he 

proximal end of the guide wire IS and moved distally 
over the guide wire 13. The second dilatation 
catheter also has a radiopaque marker at a known pcinr 
cf izs balloon member (preferably at its r.idpoin-) , 
15 and rhe second carheter is advanced along rhe cuide 

wire IS unzil the catheter's marker is aliened as 
desired with the recorded radiopaque marker 5 6 cn the 
guide wire IS. The posirion of the balloon member cf 
zhe second catherer is then fixed by again "ighreninc 
20 the thumbscrew 22. During the entire exchange ^ 

process, the ohysician attemots to hold the cuide w'^e D ' 

13 steady and in place across the stenosis. If ""'^^ 
desired, dye may be injected to verify the position of 
the guide wire 18 and its recorded radiopaque marker 
25 56 or the balloon member once it has been advanced to 

the recorded marker 56. The second balloon member is DO 
then inflated with an inflation medium, applying rn 
pressure radially and outwardly to the artery ro 
dilate the stenosis and re-establish an acceptable (3 
30 blood flow through the artery. Upon completion of the V 
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angioplasty operation, the second dilatation catheter, 
guide wire 18, and guide catheter are removed from the 
patient's thigh. 

By providi. . a guide wire with known 
5 spacings between radiopaque markers thereon, and a 

balloon dilatation catheter having a similar spacing 
known between its distal end and a radiopaque marker 
thereon, the positioning of the catheter balloon 
relative to the guide wire (which is positioned 
10 relative to the artery stenosis) is grearly 

S facilitated. For examole, if the fifth marker (frc" 

ifi a distal end) on the guide wire is aligned across the 

?S narrowest pcinr cf the stenosis (as detected cv 

fluoroscopy) , zhen zhe central -arker cf the ba 11 ccr. 



^0 
m 

llj 15 is -oved ever thar fifth marker -c place "he ballc = - 

in rhe mosr advantageous posiricn 
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L can be appreciated, once a ir;arker cn zhe guide wire is 

P identified as across the stenosis, r.z further eve 



injections are necessarv to alien the cathete^ C 



□ 20 balloon, except to possibly recheck the guide wire O'^ 

Q marker location or to verify that balloon inflation 

has indeed dilated the artery. 

The use of guide wire marker spacings equal 
to the distance from the distal end of the catheter tc 
25 its balloon midpoint further assure the physician of 

balloon position and alignment by providing three 
reference points as to where the balloon member will 
be located when it is positioned across the stenosis. 
The three reference points are the fifth marker which 
30 will indicate the location of the midpoint of the 
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balloon member, and the fourth and sixth markers on 
the guide wire which will indicate the location of the 
distal and proximal ends of the balloon member 
respectively. Thus, a physician can determine 
precisely how much of the stenosis will be contacted 
by the balloon member when it is inflated. 

The balloon dilatation catheter assembly of 
the present invention thus has considerable advantages 
over those of the prior art. The invention places a 
plurality of radiopaque markers at a distal end of the 
guide wire, which in turn allows a method whereby a 
balloon member can be positioned properly relative to 
a stenosis. The radiopaque markers allow for 
efficient and ti-^ely placement of the balloon ner.ber 
without the need zo constantly ir.jec" addi-icnal 
ccnzras- dye. Consequently, rhe parienr ^nd s^aff are 
subject rc less radiation exposure and zhe oarier.i 
will have fewer con-.plicar ions fro- dye injeczicns. 

Alrhough the present inven-icn has beer, 
described with reference to preferred embodimenrs , 
workers skilled in the art will recognize that changes 
may be made in form and detail without departing fror. 
zhe spirit and scope of the invention. 



